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ABSTRACT
Callus cultures were initiated using 0.5 cm bulb scale 
segments of Easter lily (Lilium longiflorum Thunb) cultured 
on a medium designated CI-1, which contained (per liter), 4.3 
g Murashige and Skoog basal salts, 30 g sucrose, 8 g agar, 0.4 
mg Thiamine, 100 mg myo-inositol, 2.5 mg 1-naphthaleneacetic 
acid (NAA) and 0.1 mg N-(phenyl-methyl)-l-H-purine-6-amine 
(BA). Calli derived from 3 cultivars of Easter lily, 'Ace', 
'Harson' and 'Nellie White1, susceptible to the fungus 
Phvtoohthora cactorum. were irradiated with UV light (25 erg 
mm'2 s"1) for 0-28 days at 4 day intervals. The calli were then 
subcultured for 4 weeks on CI-1 medium containing different 
concentrations of the fungal-culture filtrates. From a total 
of 34560 calli, six filtrate-resistant-variants (FRV) were 
isolated and challenged with the fungus. Results did not 
suggest that UV treatments enhanced the frequency of resistant 
calli. About 21 % of the calli obtained from FRV calli were 
resistant to the fungus after callus increase. Plants were 
regenerated from calli by placing on CI-1 minus growth 
regulators. Regenerated plants were planted in vitro on 
10-day-old fungal cultures, and evaluated after 3 weeks.
viii
Eighty percent of the tested plants exhibited resistance and 
were established in pots.
Electrolyte leakage from susceptible and resistant callus 
tissues was measured after 4 h exposure to culture filtrates. 
A small, gradual increase in conductance was observed in 
resistant tissues, before reaching a plateau; however, for 
susceptible tissues conductance continued to increase 
throughout the 6-h test period. Calli not exposed to filtrate 
manifested no change in conductance.
INTRODUCTION
Stem rot caused by the fungus P. cactorum is a serious 
disease of Easter lily (Lilium lonaiflorum Thunb). Plants 
which contract the disease usually die (Pirone, 1979). The 
pathogen infests soils in many parts of the world (Anonymous, 
1965), and causes disease on 150 plant genera including crown 
and fruit rot of apple (Waterhouse and Waterston, 1966). 
Chemical control has been attempted, but its effectiveness has 
been limited (Utkhede, 1984) . If available, the use of 
disease-resistant plants would be the least expensive and most 
enviromentally acceptable method of protecting a crop from 
disease. Unfortunately, conventional breeding requires years 
of crossing and backcrossing before new cultivars can be 
released. Tissue culture techniques such as cell selection 
have the potential of speeding up the release of valuable 
germplasm since cells of advanced horticultural lines can be 
used in the cell selection process. Cells can be selected 
which presumably differ little from the parent cells except 
for the characteristics for which selection is exerted.
Tissue cultures; i.e., callus tissues, suspension 
cultures, isolated cells, and protoplasts offer advantages 
over intact plants for the study of disease resistance.
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Advantages include: (a) exclusion of contaminating
microorganisms, (b) control of environmental parameters such 
as temperature and light, (c) ability to inoculate host cells 
without wounding, (d) control of pathogen inoculum levels and 
number of host cells, (e) ability to alter the nature of the 
host-pathogen interaction by altering components of the 
growth medium, (f) the presence of only one or a few major 
host cell types, and (g) the ease of application or removal 
of materials; e.g., labeled precursors from cultured cells. 
It should be kept in perspective, when manipulating tissue in 
vitro that plant cells grown in culture may manifest a 
response, such as disease resistance, because of either 
genetic or physiological properties (Miller and Maxwell, 
1983).
Selection of cells for insensitivity to phytotoxins and 
regeneration of disease-resistant plants from these cells 
represents a unique approach to obtain disease resistant 
germplasm. The purpose of this study was to obtain Easter lily 
clones resistant to P. cactorum through tissue culture 
techniques.
LITERATURE REVIEW
Disease Resistance In Tissue Cultures:
The selection for disease resistance via somaclonal 
variation in tissue cultures originating from a susceptible 
parent represents a relatively new approach for obtaining 
resistant germplasm. This may be attempted by using the 
pathogens or the pathogen metabolites as the selecting agent. 
The procedure may be modified by inducing mutation through 
chemical or irradiation techniques in culture prior to 
selection for resistance.
Use of the pathogen as the selecting agent. A number of 
studies have involved the use of pathogens to select resistant 
plants. The majority of these selections have involved 
viruses. Shepard (1975) isolated protoplasts from tobacco 
plants infected with potato virus X and then indexed 4000 
plants regenerated from the protoplasts. Eight percent of the 
plants were virus free, however, only one showed resistance 
to the virus.
Murakishi and Carlson (1982) used a strain of yellow 
tobacco mosaic virus (TMV-Flavum) under defined environ­
mental conditions that allowed for uniform infection of leaf 
cells. Out of 763 green calli, 7 of the regenerated plants
3
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exhibited virus resistance which was transmitted to progeny.
Varying results have been obtained when pathogens other 
than viruses were used to select resistant cells. Sacristan 
(1982) was unable to select callus of Brassica species res­
istant to Phoma linoam and Plasmodiophora brassicae by ino­
culating cultures with spores of the pathogens. In contrast, 
Pullman and Rappaport (1983) increased the frequency of 
disease-resistant variants recovered from celery-tissue 
cultures by plating small regenerated shoots on a medium 
precolonized with Fusarium oxvsoorum f.sp. apii. Prasad et 
al. (1984) reported success in isolating plants of pearl 
millet resistant to downy mildew by regenerating plants from 
immature inflorescence explants preinfected with the fungus. 
Utkhede (1986) has screened 516 of the world's apple germplasm 
collections for resistance to Phvtophthora cactorum using the 
fungus as the selecting agent. He found that the results of 
in vitro tests correlated well with field results and that 
significant resistance to P. cactorum was present in some of 
the cultivars. Furthermore, McComb et al. (1987) reported that 
the correlation between in vitro and field tests for 
resistance of Eucalyptus marqinata suggests that a 
callus-fungal screening method can be used to select superior 
timber trees that are resistant to Phvtophthora cinnamomi.
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Use of pathogen metabolites as the selecting agent. 
Certain bacterial and fungal plant pathogens produce extra­
cellular toxins that are known to be causally involved in 
disease expression. Some of these are required for pathogen­
icity, whereas, others contribute to the virulence of the 
producing organism. If the toxin has no causal role in 
disease, then plants selected for resistance will not be 
resistant to the disease. If the toxin is a pathogenicity 
factor, plants highly resistant to the toxin may be comp­
letely resistant to the disease. If the toxin is a virulence 
factor, plants resistant to the toxin may be partially 
resistant to disease.
Only a few toxins have been investigated to the extent 
that their roles in plant disease are both convincingly 
established and clearly defined. Some of these toxins have 
been called "host-specific" because they affect only plants 
that are susceptible to the toxin-producing pathogens. Others 
are nonspecific and may be toxic not oni^ to the host plants 
but to non host plants, microorganisms, and animals (Yoder, 
1980).
Genetic modification of plants for resistance to dis­
ease, whether by conventional or tissue culture techniques, 
requires that resistant individuals be identified among
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susceptible plants. Several authors have advocated the use of 
toxins for more efficient identification of disease resistant 
plants in vivo, or plant parts, such as tissues, cells, and 
protoplasts in vitro.
An example of a pathogenic toxin was reported by Yoder 
(1981) who found that HV-toxin produced by the fungus Choch- 
liobolus victoriae is pathogenic. Isolates that lack the 
ability to produce this toxin do not cause the disease. This 
toxin is host-specific since it affects only certain varieties 
of oats that are susceptible to C. victoriae. All plants which 
are highly resistant to HV-toxin have been found to be fully 
resistant to the pathogen.
Gengenbach et al. (1977) selected callus derived from 
susceptible corn tissue for resistance to T-toxin. They 
regenerated plants from the toxin-resistant callus and tested 
for reaction to both T-toxin and a T-toxin producing isolate 
of C. heterostroohus. They found that the regenerated plants, 
which were highly resistant to T-toxin, were still susceptible 
to the pathogen, but sustained much less damage than the 
original T-toxin sensitive plants.
Carlson (1973) selected tobacco cells for resistance to 
methionine sulfoximine, a compound which has biological 
activity similar to that of tabtoxinine-B-lactam (a non­
7
specific toxin produced by Pseudomonas syringae). When 
regenerated plants were tested for reaction to the bacterium, 
it was found that the toxin-resistant plants were still 
susceptible to the bacterium, but did not develop toxin 
symptoms and sustained less damage than toxin sensitive 
plants.
Behnke (1979) regenerated potato plants from callus that 
had been selected for resistance to culture filtrates from the 
fungal pathogen Phvtophthora infestans and tested the plants 
for resistance to the fungus itself. There was a slight 
statistical difference between the mean lesion sizes on 
selected and control plants. The plants were not tested under 
field conditions.
Use of somaclonal variation to select resistant plants. 
One of the most promising findings for the development of 
disease resistant germplasm is the observation that the cell 
culture itself can generate stable, heritable variations 
useful for crop improvement.
Nuclear irregularities have long been observed in 
cultured cells, but somaclonal variation has only recently 
become widely accepted as an important phenomenon in the 
development of disease-resistant plants (Larkin and 
Scowcroft, 1981) . The earliest work was done with
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sugarcane in the early 1960's for the initiation of callus 
cultures from mature sugarcane parenchyma tissue, and for 
regeneration of shoots from these cultures. Regenerated 
sugarcane plants, when tested under field and greenhouse 
conditions, showed significant changes in their reaction to 
various pathogens. Clones had an altered response to 
Helminthosporium sacchari and to the HS-toxin produced by the 
pathogen. Clones resistant to Fiji disease and to downy mildew 
also were developed. Many of these resistant clones yielded 
as well or better than the susceptible parents.
Similar results have been obtained with potato. Shepard 
et al. (1980) found that plants regenerated from protoplasts 
(protoclones) were highly variable in their horticultural 
characteristics and in their response to pathogens. Proto­
clones varied in their response to a toxin produced by 
Alternaria solani. Some of these toxin resistant plants were 
more resistant to the early blight pathogen (Matern et al., 
1978) . Resistance to several races of Phvtophthora infestans 
also was found in the protoclones (Shepard et al., 1980).
Behnke (1980) reported that from a population of 41,000 
calli of potato cultured in the presence of unpurified culture 
filtrate from P. infestans several calli which continued
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to grow were selected. Cell lines derived from them did not 
lose resistance when sub-cultured on a medium devoid of 
culture filtrate. Plants regenerated from selected cell lines 
had enhanced resistance to infection by P. infestans. This was 
expressed as a significant reduction in the growth rate of the 
fungus following plant infection.
Brettell and Thomas (1980) isolated HMT-toxin-resistant, 
fertile, corn plants from cms-T corn cultures never exposed 
to HMT-toxin. In Brassica napus. plants regenerated from 
non-selected Brassica callus showed some of the same increased 
resistance to Phoma linqam as those selected for resistance 
to P. linqam culture filtrates. Resistance was observed in 
both cases at a lower frequency in non-selected cultures 
(Sacristan, 1982).
It is important to note that in most of the selection 
studies described previously, no mutagen treatment was applied 
to the cultures. Thus the variants isolated by either pathogen 
or toxin selections were somaclonal variants.
Use of mutagens followed bv cell selection. It should be 
possible to increase the frequency of somaclonal 
variation by applying mutagens to large numbers of cells or 
protoplasts. Then disease resistant lines should be 
selected, either before or following regeneration.
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Selection of variants at a frequency of 10‘6 to 10‘8 was 
successful in many cases without mutagenic treatment. Treating 
the protoplasts with x-ray mutagens resulted in about a 
ten-fold increase in the frequency of certain phenotypes of 
Datura innoxis (Scheider, 1976).
Although chemical mutagens Ethylmethane sulphonate (EMS) , 
and N-methyl-N-nitro-N-nitrosoguanidine-N-ethyl-N- nitrosourea 
(NTG) have been employed to induce mutations in culture, 
relatively little use has been made of radiation mutagens 
(X-, #-ray, or UV) (Anderhan and Wood, 1980). Widholm (1974) 
employed UV to induce mutations to amino acid analog 
resistance in cultured wild carrot cells. More is known about 
the molecular effects of UV on DNA and about the repair of 
these DNA lesions than for any other agent. Mutation 
frequencies may be enhanced or suppressed by careful selection 
of the experimental conditions (Howland and Hart, 1977). 
Lilium Tissue Culture:
The genus Lilium contains more than 80 species. The most 
popular lily is the Easter lily (Lilium lonaiflorum Thunb). 
Easter lily plants are susceptible to several fungal and viral 
diseases. These diseases are readily transferred by the 
conventional scaling method of propagation. Tissue culture
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techniques can eliminate diseases by using selected disease- 
free or disease-resistant plants in asexual propagation.
Rapid propagation of Lilium by means of tissue cultures 
has been reported by Robb (1957). He isolated explants from 
various parts of bulb scales and found that the explant from 
the basal portion of the scales grew freely, while those from 
the distal end did not grow. Stimart and Asher (1978) reported 
that from an average Easter lily bulb with 100 scales that 
approximately 8,000 bulblets may be produced in 6 weeks when 
1 mm thick scale sections were cultured on Linsmaier and Skoog 
medium (1965) supplemented with 0.03 mg/liter NAA. They also 
noted that cultures grown in total darkness at 25°c resulted 
in an increase in the number and size of bulbs at the expense 
of leaf number and size. Conversely, the lighted environment 
suppressed bulb formation and increased leaf formation, root 
weight, and callus fresh weight.
Gupta et al. (1978) obtained differentiated multiple 
bulblets from L. lonaiflorum bulb scale segments and whole 
scale segments on MS medium (Murashige and Skoog, 1962) 
supplemented with 25 mg/liter NAA with or without 0.25 
mg/liter BA. They found the number of bulblets formed to be 
greater with scale segments, however, further growth of the
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bulblet was greater when whole scales were used as the explant 
source.
Sinunonds and Cumming (1979) found that the combinations 
of BA and NAA induced plantlets although callus was readily 
produced with 5 /zM BA plus 5 /zM 2,4-D. Once induced, callus 
generally differentiated into bulblets which, if not removed, 
caused a cessation in callus growth.
Stenberg et al. (1977) found that optimal bulblet
formation resulted when leaf blades of L. lonqiflorum 'Nellie 
White1 were cultured on MS medium supplemented with 10 
mg/liter NAA and 1.0 mg/liter kinetin. This combination, 
however, was the least effective in shoot formation. Chen and 
Holden (1975) used 2 to 3 young leaves immediately below the 
flower as an explant source. Plantlets were formed from 
intercalary meristems at the leaf base when cultured with 5 
mg/liter NAA and either 0.1, 0.5 or 1.0 mg/liter kinetin.
Sheridan (1968) reported that callus grew more rapidly 
in liquid than on agar medium. He also found that agar-grown 
callus occasionally produced plantlets with roots, leaves and 
buds regardless of the presence or absence of IAA or the 
organic supplements in the medium. Liquid-shake cultures do 
not often produce plantlets during short culture periods. 
However, after 3 or 4 months, depending on the growth rate,
13
those liquid cultures which have become rather dense with an 
accumulation of callus under appropriate conditions produce 
large numbers of plantlets. Small dense areas appear on the 
surface of the callus masses and from these points roots and 
buds with leaves appear.
Phytotoxic Compounds In Culture Filtrates Of Phvtophthora: 
Various Phvtophthora s p . have been shown to secrete 
phytotoxic metabolites in culture (Ballio et al., 1972, Csinos 
and Hendrix, 1977, Paxton, 1972, Plich and Rudnicki, 1979, and 
Ronnebeck, 1956). However, in most cases these metabolites 
have not been purified or characterized. Hydrophylic 
macromolecular phytotoxins have been partially purified from 
culture filtrate of the citrus pathogen P.nicotiana var. 
parasitica. but the chemical nature has not been elucidated 
(Balio et al., 1972). Mycolaminaran, a  (3 1-3 glucan extracted 
from mycelia of P. cinnamomi. was shown to produce wilting 
symptoms in different plants. Mycolaminaran is prevalent in 
the cytoplasm of various Phvtophthora s p . (Strobel, 1974, 
Wheeler and Luke, 1963) , and a low amount of this material was 
detected in cultures of P. megasperma var soiae. Breiman and 
Barash (1981) reported that filtrates of 3 - 4 week old
cultures of P. citrophthora contained high, and low molecular 
weight components which were capable of inducing typical
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disease symptoms on lemon seedlings. The minimal dose of the 
toxin preparation for positive bioassay on tomato and lemon 
seedlings was approximately 0.3 /̂ M. Plich and Rudnicki
(1979) found that the chemical properties of the phytotoxin 
produced by a pathogenic isolate of P. cactorum appear to be 
very similar to those reported for other species of 
Phvtophthora sp. (Balio et al., 1972, Paxton, 1972). The 
isolated toxic substance of P. cactorum can be classified now 
as a phytotoxin (Wheeler and Luke, 1963) . They also found that 
the toxin is a relatively high molecular weight compound, 
water soluble and thermostable at low pH. The maximum yield 
of the toxin was obtained on the medium containing asparagine 
as a source of nitrogen at 24 - 26 °C in the dark.
MATERIALS AND METHODS
Overview of experimental plan:
The strategy of the experimental approach rests upon the 
hypothesis that cells resistant to P. cactorum can be 
selected by subjecting callus tissue to an extract from P. 
cactorum which presumably contains the disease-causing agent. 
Hence, cells which survive the challenge from the extract may 
be induced to form plants that can be tested for resistance 
to the fungus itself.
Since truly resistant plants as opposed to epigenetic 
resistant plants are believed to arise from mutation, if the 
mutation rate is increased, such as with UV light, then the 
number of resistant cell types could conceivably be increased.
Presented in Fig. 1 is an overview of the experimental 
plan. The technical aspects of the various components of the 
plan are described in this section.
Tissue Culture Protocols;
Explants. The bulb scales of three cultivars; 'Harson', 
'Ace' and 'Nellie White1 of Lilium lonaiflorum Thunb were used 
to intiate callus cultures. Bulbs were stored at 4 °C until 
used. Prior to excision of explants bulbs were washed with
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soapy water followed by rinsing under tap water for 30 
minutes. The bulbs were surface-sterilized for 5 minutes by 
immersion in 95 % ETOH followed by 15 minutes in 20 % Chlorox 
(1.05 % sodium hypochlorite) + 2 % Polyoxyethylene sorbitan 
monolaurate (Tween 20). Following sterilization, the tissues 
were rinsed three times in sterile distilled water. Bulb 
scales were cut into 5 mm2 sections, and segments were 
transferred to callus induction medium CI-1 (Table 1) 
Beginning with sterilization, all procedures were carried out 
under aseptic conditions.
Media. The compositions and designations of media are 
summarized in Table 1. The pH was adjusted to 5.7 prior to 
autoclaving for 15 minutes at 1.0 kg/cm3 and 121 °C.
Callus induction and plant regeneration. Callus cultures 
were established in 25 x 150 mm test tubes containing 10 ml 
of CI-1 medium that preliminary experiments involving callus 
induction and growth had shown to produce firm, dry callus. 
Calli were formed on scale segments after about 6 weeks 
subculture on Cl - 1 , and were maintained by subculturing on 
10 ml of fresh medium contained in plastic disposable petri 
plates every 60 days. Plantlet regeneration was obtained by 
transfer of callus to PR medium. All culture tubes and plates 
were sealed with parafilm and incubated at 25 °C under 
continuous light (100 juE m'2 sec"1) .
17
Bioassavs. To determine the effect of temperature on 
disease expression, calli were subcultured on CI-1 medium and 
inoculated with 2 mm2 fungal plugs. The samples were incubated 
at 15, 25, and 35 °C, and the fungal growth was measured after 
1 week. Responses to culture filtrate were tested by adding 
different concentrations to CI-1. The medium was dispensed 
into sterile petri plates and four callus pieces (0.5 g) were 
placed in each plate. Controls comprised of CI-1 medium with 
and without Clarke's medium were utilized (Fig. 2). Calli were 
rated after three weeks on a 0 - 4 scale based on the
discoloration of callus tissue with 0 = no discoloration, 1 
= 25 % discoloration, 2 = 50 % discoloration, 3 = 75 %
discoloration, and 4 = 100 % discoloration (Fig. 3) . Green 
sectors were transferred to CI-1 medium (Fig. 4), and 
inoculated with 2 mm2 of the fungal mycelial plugs (Fig. 5). 
After one week, surviving calli were subcultured on the PR 
medium. After plantlets had regenerated, they were screened 
in vitro (Utkhede, 1987) by planting them in 30 ml of FC 
medium in 100 ml Magenta vessels which contained 10 - day old 
fungus cultures (Fig. 6) . Plantlets which exhibited resistance 
were transferred to 5 x 5 cm pots containing sterilized 1:1 
perlite-Jiffy mix. Potted plants were incubated at 4 °C for a 
week to overcome bulblets dormancy (Stimart et al., 1982),
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then transferred to 25 °C. A high humidity was maintained by 
covering the pots with inverted plastic boxes and spraying the 
plantlets daily with water. After acclimatization, plantlets 
were again tested for resistance to the fungus. The contents 
of two petri plates of the fungal cultures were mixed with 100 
ml water in a Waring blender, and added to each pot. After 3 
weeks the plants were evaluated on a 0 - 3 scale with 0 = no 
symptoms, 1 = leaf curl, 2 = plant wilt, and 3 = plant
necrosis. The surviving plants were transferred to the 
greenhouse for further evaluations.
Pathogen Protocol:
Growth and maintainance. Phvtophthora cactorum (Leb. and 
Cohn) Shroet strain W 5475 was obtained from the Department 
of Plant Pathology, Louisiana State University. This isolate 
was maintained on malt extract agar medium (Table 1) and 
subcultured every 10 days. Sporulation of this fungus was very 
slow, thus, fungal plugs were utilized. Virulence of the 
isolate was checked every 6 months by inoculating Easter lily 
plants with the fungal slurry and isolating the fungus from 
the infected plants.
Utilization as a selection technique. Culture filtrates were 
prepared by inoculating 200 ml of Clarke's or F-V8 media
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(Table 1) with 10 fungal mycelial plugs (5 cm2 ) taken from 
the margin of 10-day old cultures (Fig. 1). Preparations were 
placed in 500 ml sterilized flat bottles and incubated in the 
dark at 25 °C for 4 weeks. Filtrates were obtained by 
filtering first through cheese cloth and then through # 2 
Whatman filter paper. The filtrates were partially purified 
with methanol (1:2 v/v) for 48 hours, centrifuged at 35000 g 
for 20 minutes, vacuum evaporated to remove methanol, 
concentrated, filter sterilized using a Nalgene filter unit 
(0.22 fj.m) , and stored at - 4 °C. The toxicity of culture 
filtrates was evaluated using Easter lily plants and tomato 
shoots. Ten ml of culture filtrates, F-V8, or Clarke's media, 
and water controls were dispensed in small test tubes. One 
tomato shoot or Easter lily plant were placed in each tube 
(Fig. 8), and the percentage of wilted plants was determined 
after 5 or 7 days, respectively.
UV Treatments:
Callus cultures were transferred to 10 cm plastic petri 
plates and irradiated for various periods (0, 4, 8, 12, 16, 
20, 24, and 28 days) with UV light by Sylvania GTE germi­
cidal lamp at an incident dose rate of 25 erg mm'2 s'1. The 
distance of the irradiation source from callus cultures was
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55 cm. After treatment, plates were kept in the dark for at 
least 2 days to avoid photorepair. The calli were screened 
first using the culture filtrates and then the fungus. The 
regenerated plants were also screened for resistance to the 
fungus.
Electrolyte Leakage:
One gram explants of callus from the resistant variants 
and the control were treated with 50 ml of the culture 
filtrates for 4 hours. After exposure to culture filtrates, 
samples were washed, transferred to deionized water, and 
placed on a shaker for 6 hours. Hourly measurements 
using a conductivity bridge (Amber Science Model 1061) were 
made to determine electrolyte leakage, i.e., changes in 
conductance. The data were expressed as specific conductance 
( l imhos/cm) of treated minus the control.
Statistical Analysis;
A completely randomized design was used throughout this 
study. At least 6 replicates per treatment were used, how­
ever, in some experiments 480 replicates were used (UV light 
study). F statistics based on one-way analysis of variance, 
and mean separation were performed using Duncan's Multiple 
Range Test protected at 5 % level.
RESULTS
Response of susceptible plants:
In order to establish a baseline for comparison, Easter 
lily plants were tested for response to the fungus by inocu­
lating each plant with 100 ml of the fungal slurry. After 10 
days the infected plants had started to wilt, and by the third 
week from inoculation they were completely necrotic (Fig. 7). 
The three cultivars, 'Ace', 'Harson' and 'Nellie White' 
responded similarly, and all inoculated plants were dead after 
3 weeks.
Culture filtrates prepared from P. cactorum grown on F-V8 
and Clarke's media (Table 1) were also tested on Easter lily 
and 30-day-old 'Creole' tomato plants which are very 
susceptible to P. cactorum. Tomato shoots responded quickly 
to both culture filtrates. After 8 hours the leaves started 
to roll upward, and after 24 hours all treated plants had 
wilted. Easter lily plants treated with both culture filt­
rates had wilted after 48 hours (Fig. 8) . There were no 
significant differences between responses to the culture 
filtrates prepared from F-V8 or Clarke's media for either 
Easter lily or tomato plants (Figures 9 and 10). However, 
Clarke's medium was chosen for use in subsequent studies 
because F-V8 medium tended to support the growth of other
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pathogens to a greater extent than Clarke's medium when used 
in vivo.
Callus Bioassav Responses:
Effect of temperature on fungal growth. Fungal growth on 
callus was evaluated at 15, 25, and 35 °C (Table 2) . Seven 
days after inoculation at 25 °C the fungal hyphae covered the 
calli, and sometimes extended onto the medium. At 15 and 35 
°C the fungal growth was less by 57 and 64 %, respectively, 
than at 25 °C (Table 2) . Although not statistically 
significant, the growth of fungus tended to be less on 
'Harson' than on 'Ace' or 'Nellie White'. Hyphal development 
was most pronounced on 'Nellie White' calli.
Challenge with culture filtrates. When subjected to 
culture filtrates prepared with fungal cultures grown on F-V8 
and Clarke's media for 4 weeks, similar responses of calli 
from 'Ace' and 'Harson* were observed (Table 3). Browning was 
apparent 5 days after callus incubation on CI-1 medium 
containing 25, 50, or 75% of the culture filtrates. After 1 
week an intense discoloration was observed for the high 
concentrations (50 and 75%). The same degree of discoloration 
was observed at 12 days incubation for the lower concentration 
(25 %). After 4 weeks incubation the calli treated with 50 
and 75 % culture filtrates were completely discolored
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(rating 4, Fig. 3), whereas the calli treated with 25 %
culture filtrates took 6 weeks to receive the same rating. 
Media containing 50 % culture filtrates were used in all 
subsequent experiments.
Effect of culture filtrate purification on callus. 
Partially purified culture filtrates (PPCF) were obtained by 
adding 2 parts methanol to 1 part culture filtrates for 48 
hours, followed by centrifugation for 20 minutes at 35000 g 
and vacuum evaporated to remove the methanol. Partially 
purified and the unpurified culture filtrates (CF) were 
compared for effects on 'Ace* and 'Harson' calli. Calli were 
subcultured for 4 weeks on CI-1 medium containing 50 % cult­
ure filtrates. There were no significant differences at 4 
weeks in the callus responses to the methanol-purified filt­
rate (Table 4), however, the discoloration of calli treated 
with the purified culture filtrates was more intense after 
the first week than it was with the unpurified culture filt­
rates treatments.
Identification of callus resistant to culture filtrates 
and challenge with fungus. Only 6 viable sectors out of a 
total of 34560 calli tested were found (Tables 5 and 6). The 
filtrate-resistant variant (FRV) calli obtained after culture 
filtrate experiments were subcultured on CI-1 media for one
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month to provide adequate explants. The calli were then tested 
with 2 mm plugs of the fungus (Fig. 5) . About 21 % of the 
calli were resistant to the fungus (Table 6) , and were 
subcultured on the plant regeneration medium.
Responses of Regenerated Plants:
Regenerated plants were planted in Magenta vessels con­
taining 10-day-old fungal cultures. The susceptible plants 
died after 4 days, whereas the resistant and the control 
(without fungus) plants remained healthy (Fig. 6). Leaf discs 
from the resistant plants were subcultured on CI-2 medium to 
provide callus for testing for resistance to the filtrate and 
fungus. Plants were transferred to pots after 4 weeks. About 
80 % of the tested plants were resistant to the fungus 
(Table 7).
Effect of UV Light:
Preliminary experiments indicated that after 32 day- 
exposure to UV, 100 % of the callus was discolored, and grew 
slowly when transferred to fresh CI-1 medium. The exposure 
times used in all subsequent experiments ranged from 0 to 28 
days at 4 day intervals (Table 5).
There were no consistent results obtained to suggest that 
UV treatments enhanced the frequency of recovery of calli 
capable of growing on CI-1 medium containing the fungal
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filtrate. However, in one of the three experiments performed 
in this study, 4 'Ace' FRV's were recovered from the 16-day- 
UV treatment (Table 5) . These FRV's were transferred to a 
culture-filtrate-free medium (CI-1) for a month to allow 
callus proliferation. When 76 callus segments of the FRV calli 
were challenged with the fungus, 17 calli were recovered after 
one week (Table 6) . These calli were subcultured on CI-1 
medium for a month and then transferred to PR medium. After 
9 weeks, 43 plantlets were transferred to soil under high 
relative humidity conditions for acclimatization. As a result 
of a malfunction of the growth chamber only five plants 
survived. These were tested in vitro (Magenta vessels) for 
resistance to the fungus. Eighty percent of the tested plants 
exhibited resistance to the fungus (Table 7).
No FRV's from the 16-day-UV exposure were recovered in two 
additional experimental cycles. However, with 4-and 28-day-UV 
exposures one FRV per treatment was obtained, but the callus 
grew slowly and died after transfer to fresh CI-1 medium. No 
FRV's were recovered with 'Harson' and 'Nellie White' calli 
which had been pretreated with UV light. Only one FRV was 
recovered for each of these cultivars and that was with no 
UV exposure (Table 5) . The percentage of FRV calli after
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exposure to P. cactorum fungus was similar for calli whether 
or not it had been pretreated with UV light (Table 6) . 
Regenerated plants did not reveal any trends associated with 
pretreatment or variety.
Electrolyte Leakage:
A 4-hour exposure to culture filtrates induced a greater 
conductance shift from susceptible than resistant callus 
tissues (Figures 11, 12 and 13) . After exposure to filtrates, 
explants were washed and placed on a shaker and monitored 
hourly for change in conductance. Conductance is considered 
to be a reflection of electrolyte leakage. A gradual increase 
in resistant tissue challenged with filtrates was observed 
from the one-hour until the 4-hour measurement, when 
conductance reached a plateau. However, for susceptible tissue 
conductance continued to increase at a rapid rate throughout 
the 6 hours test period. The conductance of unchallenged 
tissue (control) remained constant throughout the test 
interval.
DISCUSSION
This study demonstrates that it is possible to select 
from callus derived from susceptible Easter lily cultivars, 
cell lines resistant to the toxic filtrate produced by 
Phvtophthora cactorum. Among the plants regenerated from calli 
resistant to the filtrate were plants which manifested a 
resistance to the fungus when tested in vitro.
The culture filtrate produced by P. cactorum induced the 
same disease symptoms as the fungus when tested on Easter lily 
plants and tomato shoots. Also the calli derived from 
susceptible plants showed discoloration when challenged with 
the culture filtrate. This correlation suggested that the 
toxic substance (s) in the culture filtrate is responsible for 
the disease symptoms.
The first crucial selection procedure in the identifica­
tion of cells that can result in plants resistant to P. 
cactorum is the challenge of callus with the filtrate obtained 
from the fungus. The presumption is that if the disease 
symptoms are attributable to a toxin contained in the 
filtrate, the ability of cells to tolerate exposure to the 
filtrate reflects a resistance which can in turn be incor­
2 7
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porated into intact plants by regeneration of plants from the 
resistant calli.
Toxins that have been purified, and structurally 
characterized can be reliably assayed. Unfortunately, a large 
number of toxic substances isolated from microorganisms have 
not been chemicaly defined, including the toxic substances 
from P. cactorum. Partial purification using methanol, which 
was used in this study (Lazarovits et. al., 1979) , revealed 
that the toxicity of the filtrates was similar prior to and 
after purification (Table 4, Fig. 9 and 10) . A slight 
enhancement of activity was observed for methanol treated 
filtrate at one week. The results indicate that the toxic 
substance (s) is water soluble and did not precipitate in 
organic solvent (Plich and Rudnicki, 1979).
Although the chemical nature of P. cactorum toxic sub­
stance (s) has not been determined, it has been suggested by 
Plich and Rudnicki (1979) that the structure is very similar 
to those reported for such other species of Phvtophthora as: 
P. nicotianae (Ballio et al., 1972), and P. meaasperma var. 
soiae (Paxton, 1972).
To develop a system to enhance the toxic substance 
activity of P. cactorum on Easter lily callus it was 
considered important to determine the optimum temperature for
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disease expression as manifested by fungal growth rate in 
vitro. It was found that 25 °C is the optimum temperature for 
growth of P. cactorum on Easter lily callus. Temperature seems 
to be a critical factor with this system as with other species 
of Phytophthora. For the Acacia and Eucalyptus x P. cinnamomi 
systems, 30 °C is the optimum temperature for pathogen growth 
on host calli (McComb et al., 1987). Miller et al. (1984) 
found that 21 °C is the best temperature for alfalfa x P. 
megasperma var. medicaqinis. In tobacco the optimum 
temperature for P. parasitica var. nicotianae is 20 °C 
(Helgeson et al., 1972), and 16 °C is the optimum temperature 
for soybean x P. megasperma var. soiae (Holliday and Klarman, 
1979). All of these studies use the growth rates of fungi on 
callus as an index of pathogen virulence, and host 
susceptibility.
The composition of the culture medium affects both the 
growth of the pathogen and its ability to produce the toxic 
substances. However, it is not possible to predict either the 
qualitative or quantitative effects of the components of a 
medium, so the composition that gives optimum conditions for 
toxin production must be determined by trial and error. One 
choice to be made is between the use of a medium containing 
complex carbon and nitrogen sources (F-V8 medium), or one
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that is defined chemically (Clarke's medium). F-V8 medium was 
used to isolate cercosporin (Fajola, 1978), but most toxins 
have been obtained from chemically defined media (Mitchell, 
1978, Luke and Wheeler, 1955, Steiner and Strobel, 1971 
and Saad et al. 1970) . The similar responses of calli, as well 
as the toxic substance (s) in the culture filtrates obtained 
from growing P. cactorum on the two different media indicate 
that nitrogen was sufficient in both media to support the 
growth of the fungus and to give a good yield of the toxic 
substance (s) . Howard (1941) showed that P. cactorum. when 
cultured in vitro on different media, produced a toxic 
compound which causes wilting of maple and tomato cuttings. 
Plich and Rudnicki, (1979) reported that P. cactorum produces 
a toxic substance when grown on media in which histidine or 
asparagine were used as a source of nitrogen. The toxic 
substance causes browning of veins, margins and dessication 
of apple leaves and wilting of tomato cuttings. Csinos and 
Hendrix, (1970) found that the toxin produced by P. crvptoqea. 
grown on liquid glucose-glutamate-cholesterol medium, was 
active on excised tobacco leaves, and caused water soaking 
within 12 hours and extensive dehydration within 48 hours.
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Among a total of 34560 calli screened for resistance to 
the filtrate of P. cactorum. only 6 resistant calli were 
detected (Table 5) . Four of these were identified during cycle 
I from 'Ace' which had been pretreated with 16 days UV light. 
One resistant callus was recovered from 'Harson' and one from 
'Nellie White' during cycle II which had received no 
pretreatment.
The response curve of the UV-irradiation dose on callus 
survival showed that at a 16-day exposure the survival rate 
was 82 %. High mutation frequencies have been obtained by 
other investigators using UV irradiation in treatments 
resulting in survival rates between 25 and 80 % (Grand-
bastien et al. 1983, and Negrutiu et al. 1983). The small and 
apparent random identification of filtrate-resistant calli in 
this study does not offer the opportunity to make an argument 
for the origin of the resistance. UV irradiation could have 
been important for 4 of the resistant calli, or all may have 
resulted from chance mutation.
Increased loss of electrolytes by tissues invaded by 
plant pathogens has been observed for a diverse group of 
diseases, and there is evidence that membrane permeability 
change is induced by toxins produced by pathogens (Samaddar 
and Scheffer, 1968; Wheeler and Black, 1983). A number of
32
mechanisms may be involved in permeability alterations. The 
concept of a receptor site for the toxin was proposed by 
Scheffer and Pringle (1964). The receptor molecule occupies 
a site in the plasmlemma of susceptible, but not resistant 
cells (Novacky and Hanchey, 1974) . Another hypothesis proposes 
that toxin exerts its toxic effect within the cell rather than 
at the plasmalemma, and also can act on cell walls (Wheeler 
and Elbel, 1979). The search for the site has been impeded by 
failure to detect binding of toxin to any cellular component, 
and the apparent futility of attempting to prepare 
radiolabeled toxin with sufficiently high specific activity 
to be detectable at the low concentrations that affect living 
cells (Damann, 1974).
Electrolyte leakage appears to offer a sensitive assay 
to document the selection of toxin-resistant tissues, since 
the leakage was always greater from susceptible than resistant 
tissues. Damann et al. (1974) showed that an electrolyte assay 
for HV-toxin is as sensitive as the standard seedling root 
growth assay (Luke and Wheeler, 1955) , that it has a more 
precise dose response relationship which is highly 
reproducible if procedures are standarized, and that results 
can be obtained quickly.
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The recovery of variants from 'Harson' and 'Nellie White' 
in the absence of UV irradiation means that spontaneous 
mutation had occurred, and that irradiation tratments were not 
necessary for these two cultivars. This is closer to what was 
reported by Widholm (1974). Others have reported increased 
mutation rates when irradiation was used (Bourgin, 1978; 
Christianson and Chison, 1978; and Weber and Lark, 1980), and 
it was shown to be the case in nitrate reductase deficient 
mutant in Nicotiana plumbaainifolia reported by Negrutiu et 
al. (1983) , and Marton et al. (1982).
Brettel and Ingram (1979) proposed that the tissues of 
plants which are propagated vegetatively are normally gene­
tic mosaics with regard to many characteristics, including 
resistance to disease. Thus, some of the plants regenerated 
from cultured cells may be more resistant to pathogens than 
the parent plants because they originated from somatic muta­
tions which may have occurred prior to or during in vitro 
culture. Challenge by the culture filtrate in this case 
becomes the screening device. It is likely that the resistant 
calli selected also represent a mosaic in which the number of 
resistant cells is sufficient to confer resistance to the 
whole cell mass. Hence, once the quantity of callus from
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selected sectors is subsequently increased and regenerated 
into plants there will still be some non-resistant cells in 
the tissue. Such a condition is consistent with the 
observations noted in Tables 5, 6 and 7 where non-resistant 
calli and plants were obtained from calli selected as resis­
tant before callus increase. A protocol modification might be 
made to eliminate more non-resistant calli by an additional 
challenge with filtrate after callus increase. However, a 
plant containing only resistant cells should be obtained 
from seeds produced from regenerated resistant plants.
Four FRV's came from cycle I, two from cycle II and none 
from cycle III (Table 5). Seasonal variations in the 
physiology of the bulbs from which the calli were derived 
conceivably could be important in epigenetic expressions. 
However, numbers for all cycles are too small to distinguish 
between random chance and trend. Epigenetic resistance should 
be lost in the seed-derived generation.
Using P. cactorum culture filtrates in screening for 
Easter lily lines resistant to the pathogen is a useful 
technique, which provided a way of generating and selecting 
for variations that we did not have. Enthusiasm about this 
technique should not obscure the fact that tissue culture
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techniques are an adjunct or supplement to conventional 
methods, not a replacement. Additional breeding, testing, and 
selection will be required before new Easter lily 
cultivars can be released.
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Table 1. Compositions of media used for tissue culture, 
fungal growth, and culture-filtrate preparation.
Designation Utilization Constituents
(per liter)
PR Plant regeneration 4.3 g salt base, 100 mg 
myo-insitol, 4 mg thiamine 
HCL, 30 g sucrose, and 8 g 
TC agar
CI-1 Callus initiation 
from bulb scales
PR + 2.5 mg NAA and 0.1 mg 
BA
CI-2 Callus initiation 
from leaf discs
PR + 0.1 mg 2,4-dichloro- 
phenoxy acetic acid 
(2,4-D) and 0.1 mg BA









0.5 g KH2P04, 0 . 25 g MgS04- 
7H20,1 g asparagine,
25 g glucose, 5 g Difco 
yeast extract and 1 mg 
thiamine
V8-juice is a product of the Campbell Soup Company, 
Camden, New Jersey, USA, which contains tomato, carrot, 
celery, beet, parsley, lettuce, spinach, and watercress 
juices.
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Table 2. Growth of Phvtoohthora cactorum on callus of 
Easter lily incubated at different temperatures.
z
Cultivars Temperature °C Growth (mm)
Harson 15 3.03 + 0.58
Ace 3.57 + 0.82
Nellie White 3.37 + 0.64
Harson 25 9.03 + 0.69
Ace 9.43 + 0.59
Nellie White 9.20 + 0.62
Harson 35 3.06 + 0.75
Ace 3.27 + 0.80
Nellie White 3.77 + 0.82
z
Average of 15 replicates, at 7 days ± standard 
deviations.
Table 3. Responses of Easter lily callus to P. cactorum 
culture filtrates (CF) prepared from Clarke's and V8 media 







75% 3.80 + 0.41 3.90 + 0.31
50% 3.75 + 0.55 3.75 + 0.44
25% 3.25 + 0.85 3.25 + 0.85
Clarke's Control 0.35 + 0.49 0.25 + 0.44
Water Control 0.30 ± 0.47 0.25 + 0.55
CF from V8
75% 4.00 + 0.00 3.75 + 0.55
50% 3.70 + 0.57 3.75 + 0.44
25% 3.15 + 0.75 3.00 + 0.92
V8 Control 0.30 + 0.57 0.25 ± 0.55
Water Control 0.25 + 0.44 0.05 ± 0.22
z
Controls were prepared by substituting Clarke's, F-V8 or 
water for CF in medium on which callus was grown.
yAverage of 20 replicates ± standard deviations. Callus 
rating using a 0-4 rating scale: 0 = no discoloration, 1 = 
25 % discoloration, 2 = 50 % discoloration, 3 = 75 % 
discoloration and 4 = 100 % discoloration.
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Table 4. Effect of P. cactorum culture filtrate after 
purification on Easter lily callus discoloration.
z
Treatments Cultivars Discoloration
Culture Filtrates Ace 3.8 ± 0.45 a
Harson 3.9 + 0.40 a
Nellie White 3.6 + 0.85 a
Partially purified Ace 3.7 + 0.55 a
culture filtrates Harson 3.7 ± 0.59 a
Nellie White 3.6 ± 0.71 a
Clarke's medium Ace 0.2 ± 0.41 b
(control) Harson 0.1 ± 0.30 b
Nellie White 0.1 ± 0.27 b
Water (control) Ace 0.1 ± 0.30 b
Harson 0.1 ± 0.33 b
Nellie White 0.1 ± 0.27 b
Data were collected after 4 weeks. Average of 20 replicates 
± standard deviations. Duncan's Multiple Range was used for 
mean separation protected at 5% level. Discoloration was 
determined using a 0-4 rating scale: 0 = no discoloration, 
1 = 25 % discoloration, 2 = 50 % discoloration, 3 = 75 % 
discoloration and 4 = 100 % discoloration.
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Table 5. Overall experimental design for identifying 
filtrate-resistant calli.
z y 





























Bulb scales were started on CI-1 medium to initiate 
callus.
y UV irradiated with 15 W Sylvania germicidal lamp (25 erg 
mm"2 s'1 )
x
480 calli per treatment. The experiment was replicate 3 
times.
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Table 6. Selection of Easter lily callus resistant to the 










Ace 76 17 22.4
Harson 31 6 19.4
N.White 22 5 22.7
z
The calli recovered from culture filtrates experiments 
shown in Table 5 were subcultured on CI-1 medium to 
provide explants.
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Ace 5 4 80.0
Harson 15 13 86.7
N.White 4 3 75.0
Plants regenerated from callus challenged with the fungus 
from experiments in Table 6 were subcultured on CI-1 
medium for callus increase and then on PR medium to 
provide these plants.
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Fig. 1. Schematic representation of the establishment of 
Easter lily x P. cactorum tissue culture system to develop 
disease - resistant plants.
I. Tissue culture and regeneration protocol.
(A-B-C) callus initiation from bulb scales, (D) UV light 
treatments, (E and F) challenge of calli with culture 
filtrates, (G) selection of green sectors, (H) subculture of 
sectors for testing with the fungus, (I) selection of 
resistant callus, (J) plant regeneration, (K) in vitro 
screening of plantlets with the fungus (L) acclimatization, 
(M) transfer of plants to greenhouse, (N) callus initiation 
from leaf discs of resistant plants to test resistance 
stability during vegetative propagation.
II. Protocol for challenge with fungus.
(1) inoculation of V8 or Clarke's medium with the fungus 
cultures, (2) filtration, purification, and filter 
sterilization, (3) addition of culture filtrates to CI-1 
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Fig. 2. Callus growth after 4 weeks subculture on CI-1 
medium containing 50 % culture filtrate of P. cactorum 
(left) and 50 % water (right).
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Fig. 3. Rating scale for determinig callus response of 
Easter lily to culture filtrates of P. cactorum. From left to 
right: 0 = no discoloration, 1 = 25 % discoloration, 2 = 50 
% discoloration, 3 = 75 % discoloration, and 4 = 100 % 
discoloration.
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Fig.4. A green sector (->) of Easter lily callus which was 
considered to be a filtrate-resistant-variant (FRV) to P. 
cactorum.
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Fig. 5. Fungal growth of P. cactorum on resistant (left) and 
susceptible (right) callus of Easter lily after one week 
inoculation.
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R e s i i t a n t*ûc»ptibi*»
Fig. 6. In vitro screening for resistant Easter lily plantlets 





Fig. 7. Symptoms of stem rot disease. Infected Easter lily 
plant (left) and control (right).
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Nellie W hite
Fig. 8. Response of in vitro grown Easter lily plantlets to 
culture filtrates of P. cactorum after one- week exposure. 
(CF) = culture filtrate, (CM) = Clarke's medium control, and 












r-VB Filtrate Clarice's n itra te  F-V0 Control Clarice's Control
Fig. 9. Effect of P. cactorum culture filtrates prepared from 
F-V8 and Clarke's medium on the percentage of wilted Easter 












F-V8 FDtrate Clarke's n itrate  F-V3 Control darke'a Control Water
Fig. 10. Effect of P. cactorum culture filtrates prepared from 
F-V8 and Clarke's medium on the percentage of wilted tomato 




















Hours after exposure treatm ent
Fig. Electrolyte leakage measured as specific conductance 
(Mmhos/cm) of resistant (.) and suseptible (+) 'Ace' callus 

















Hours after exposure treatm ent
Fig. 12. Electrolyte leakage measured as specific conductance 
(jmhos/cm) of resistant (.) and susceptible (+) 'Harson' 













Hours after exposure treatm ent
Fig. 13. Electrolyte leakage measured as specific conductance 
(/inthos/cm) of resistant (.) and susceptible (+) 'Nellie' White 
callus tissues after a 4-hour exposure to P. cactorum culture
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